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(54) PITCH ARRANGEMENT DETERMINING METHOD FOR TIRE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently and easily 
determine tire pitch arrangement improving tire noise 
property. 

SOLUTION: The initial value of pitch arrangement is set 
according to the set value (S100-S104). A basic model 
of a tire on the initial value, an objective function 
indicating the tire noise performance evaluation physical 
quantity corresponding to tone quality, a design variable 
determining pitch arrangement, and a constraint 
condition constraining pitch arrangement are set, and 
the design valuable is changed to determine such pitch 
arrangement that the value of the objective function is 
converged and minimized while satisfying the constraint 
condition (S106). While maintaining first and last pitch 
rations on the determined pitch arrangement, pitch 
ratios between them are increased/decreased to 
determine such pitch ratios as to minimize the value of 
the objective function of tonality or the like (S108- 
S1 10). Pitch arrangement and a pitch ratio where the 
value of the objective function is lowest are selected from pitch arrangement to one hundred 
initial values (S112, S114). 
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3 , 1 (SE^) k»JCS*"C. 8A<Oj»«*#t- 

[0 0 7 9] 
[^3] 
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(12) 



11-20411 
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[0 0 8 0] 1311 (2) Ml*. ±|B'l OfgtO^^CQ 

mbtzhcDX'tbZo Ull (3) let*, -LIS 10 

7=7 V^-^^-i/B > • * b U^iFXF h±t£tmWZ 
[00 8 1] ~tlb<OW1)*t>mK£tlZ£0\^ 74- 

/Co 

[0 0 8 2] 

Y=4. 75- (2. 8-K+O. 9 3 • F) 

k : b -rvr^^m. 

F : 7y ~>3 V • * b \s > X <Djjg. 

[oo83] in (i) Mi*, ±iei om^^^^r^ 

Lfc 0 cfte>©**tt«Wi« (»H«*r = 0. 9 
16) ^ffjffci:, *Jt£#lfcL*:. 

htUf^KRt;77^f'^^-*>3^ • * H 

H = 2C+2C • (M- 2) = 

(at, c : [U<D$k (mi 5<*>»£\ 2) 

s:-r 5 ri tc ^ -r £ £ * $> ft 5 r 



c [0 0 8 4] Hl2(Cti, *»W#*Sffofc, ffi^t 

^sygm (mi 2 (i) #r» , &t;77^fax-> 

gy.^M/y^FH«)fc**8* (Uli 2 (2) 
#«D &^Lfc 0 1112 (1) a»kS*P£*t6 J: ?tc\ 
h^-y-r-<K<0»*«i*J$tt, 1112 (2) 
HSJipC 77^f^^-V / 3y-^hU^^FW 

[0 0 8 5] ^>r^ra?tfy^-ia^J*:ilja^"*-sm 

[0086] r^e^^ia^j^UjM^i-^ t:v^sa?'J 

CGJtT, UJ^t^^SS^V^) i*. iH 1 5 \z» L*: J: 

* tr tr y ^wcSWfci- * tr * ^bjij 

-tZ> 1 ocoS^Sr 1 o(7)ili £ Lt, 111 5 o^^tiiJLjcD^c 

(8) TSHirS. 
[0 0 8 7] 

2C • (M- 1) (8) 

ztm^ ±mnm<nmmn7>y^t^y^%mo>b%^ 

[0 0 8 8] l«OBJ, #J»«H*J, K 
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(13) 



!#m¥-l 1 -2 04 1 1 



23 

BWBBROB J 



24 



[0 0 8 9] ^fy7 P 2 0 2m f^^CDM^ 

S-T-5o R©^fy^2 0 4m ±IB^ (8) 
H a* t° ^<o«»N J: 9 /h $ v *jM?a»«r«K b . 

[0090] ^f^2 06m «faaftr/w=^yx 

A(Cj:ot, 2 • C • (M-l) iO«aO)#>«f|C^* 
tl5t°7^»Uj ( j : 1-2 • C • (M-l) ) £ 

ft£-rs 0 -rtzfr-h. 2-c - (M-i) ffl^»asri 

bryfwivftiotau, aMMt^-rSo mi 51^ 
tc«-*ns try^oR*oiH«*r**bfc. 

[00 9 1] 0 Hl4(C7^Lfc 

7 /2 3 2TU ^M^LTil^^^clilSl^^^ia 
?ij^o^r*S*ixfcBftBB»OB J<o*0ffl«[OB J o 
£^-T£ 0 ft(7)^7 1 77 p 2 3 4t1i, Uj^fcV^E^I 

\*y7<D»U&2* *try^O»gtt|5#2 6C0t°^^(7) 

ttuas3ogj3!tf5/ ^E?y#f;j#Hfi fc tti« $ nfcif 

■&{C (il5#i) , HI 6tC2MTHT^LfcJ:5 
/hfyfO)BBl!»»2 2 wtTy^oftfr li$'>bT 

H 1 7 2 IT»r^ bfc 0 
[0 0 9 2] r<oJ:?(ct 0 s/^co»^ti«L^UiSt:-5/ 
^EW^ttSSWB8ift^«i«:^7 : -yX2 3 6tc*3V>-C 

>^2 3 8) . @WM»OBJ^tO)BfiOBJoi:a-lt 



• **tf !X^ftOitai.«x =11. o 

• */ht B ^^^<Oitamin =7. 0 

{II, Pi : tT^ft ( i = 1, 2, • • • N) 

yo mt°y?-ffl,&\£*'ry/*2 4 otc^TiltR-f 6 0 

^2 4 2tH gftBISScOB J(DSJffllOB J o 
»rU 11X^L-CV^^V^^^H^^^^ P 2 4 6lC*$V*"C 

^Ty^2 4 or*3i^$n-/ct e ^^ia^j^^ot 0 ^^ 
ia^J(-gmb-C^-r^^ P 2 3 2^M«9 , swBH&^ie^. 

XT? -7 2 4 4l£*5V>-C, iWBH&^>» 5 «X 
* LfcB*J»-<WUJS! tT y ^EMS:*** * * fEW £ b 

20 [0 0 9 3] &t£, JilBHlfe<OJKffitl^atJC % 

*s*/Nc*5J:5^ ^<oraot°y^-lt r2 ~m-i co 
ffi&SSfbb (^77^110, E110) . tV^E^J 
v£ l 0 0fc^bfca»5*»**y»rU lOOiM^ 

jt,*: tr y ^-e^j v a» <b g WHft* s *ftt-fc 5 tr ^ ^-e?u 

atf^s^JtSrilSW-* (^fy/112, 114) o 
[0 0 9 4] ^T7^2 10m UJCO^CCCO^^ 

ty ^-Jtx a 5 1° >y ^-E^J <7)^K * s *^ t -r ^> * r-±ia^s & 

[0 0 9 5] HK<n*7-V?\ 1 ^it o y^ltC0^C 

micov ^r tr y ^it^tJ 5 tf ^ ^■E^]^>*iB lk* s »T-t-s 
* -C JiG«ka«rik 9 iB-T. ^(7)^^^^ p 2 1 2T*(i, Oj 

y^E^beWBBjBC3&s*e-C*>5 t° y^tbRt^ 

[0096] rcDj:9(-, **i*o*iii-er4, 

bnytUj®^y^E^J^ov>T**tcJtlCb^1Sftoft 
ag * tr >y ^E^i S: . - O«»co t° y ^E^i d^tf 

^sWWJd^Sftjattt'y^EyiJSraRbr^So 

^«W****«»boo»JS*^^-V«r««i- 
^> fc^o tr y ^tk&Xf t° >y ^•EMS:, d>te^WJ|-ci»K 

so [0097] ^3 mm<omm^^ ^x®.wirz> 0 
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(14) 



1 -2 0 4 1 1 



26 



[0 0 9 9] 



25 

< to-CKH-i"St>^>"C*>'5o 81811 I3il^l 

^3 oo-eii Hm<o\fy^mn^mmM.\^&^^x 

[0 0.9 8] R^f^3 0 2t'H 

RXfyy p^zL^—i/n is - * b F) 

**hT-x^*OJt"= 11-0 
*/M^5/^-ft<Oit= 7. 0 

^ Pi /Pi + 1 ^ amax 
amin , amax tf^X. ^ifcT*, 
amin =l/l. 45. amax =1. 45 

:;-c, Pi ritry^«-e*>s. 

[0100] rix«:N0»9 5gi-rfc^<t«3, i^ffl^C 
obj, iBttfcftGat^Naw^^ir*^^**'^!* 

WSftriJ (J = 1. 2, • • • , N) ^Sttt, 
C0^/r(^I3:it^r iJ<7>£-*<7)@lft|ligcOB J J RXfM 
[0101] &a>X7y?3 0 *^y^3 0 4 

Oj = .OB J j + r 



amin 
It, 



j£Bli&FJ ^i^T<7)^: (9) «oT^ft5 0 **S6 

[0 10 2] 

[£&C5] 



max (G 



= OBJ 
F j =-cDj 
i£ fetes 

F j = 1 /Oj 

F j = — a • O j + b 

O a vb ■ ( C — 1 ) 



O) 



(9) 



b = 



(<D , vj, - On, n ) 
<l>av E (C-<S mt n ) 
(O a vie - Omi n ) 

N 



N 
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(15) 



VffflW-1 1 -2 0 4 1 1 
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[0103] c : 7£%t 
y : ^YfVy- 4 %W 

<J>n»in =m i n ($1 , *2 , • ' ' *N ) 

o j : ^m<o \f v ^mM<o J # g <0 tr y ^E^l^'tvl' 
^-fBBSk (J.= i. 2. 3, • • • n) 

[0 10 4] ^f^^3 0 8TU NfiOtTs^E 

[0 10 5] 
[$C6] 

F o 

P» = 

N 

52 Fi 
J = i 
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10 



20 m 
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[0106]flU F« : N^tTs^E?]^*^ 
J = 1 , 2. 3, • ■ • N 

N I TOR7;^yXA*S:fflv^tJ:v\ 
[0 10 7] ec0^x^^3 1 iliR^tb/t 2« 

co tr -/ ^IE?'J £ , i^ffl #a*^«> A* Ufcm^T iot 

3 «t 5fc* 2ffl0>fc^^E5«a>«Si<o— 

i 2ic:tev^sft^2fli<p^y^E^]&-^<^** 

jR(D : 1112233322211 
: 1122233332111 

[oiiiiw-, uttf, a*w, 7#@o&g 

: 1 1 1 2 2 3 3/3 2 2 2 1 
: 1122233/33211 



[z 2 m (O tr y fE^iJ £ £X S it 5 0 
[0 10 8] 2e<7)fc°>;/^g^]<7)£Xte. Bl 

3 0 8Jcisv^r»^Sixft:2«lotr-/*-EWfrt! , y^E 

a tr y ^e?»j b £ -r s * co tr v run 

Vrt'SU tr^/^EyjacoKWaE*:^^ h/^Sr 

Vr a = (ri a , r2 8 , r i a ^ • • • * 

m-i a ) , 

t^^E^JbcoKt^R'** h/Wfe 

v r b = (r i b , r2 b x • • • r i b . • • • r 

n-1 b ) 

timmi^ l . r (oaaicie ctf y ^e 

n a , b ^RM-asSr** WMCBB-T 6£X»9f -i 

l£S<5wc\ ffbV««-Se»rl ' a , ri b £r#£>£o 
C(0«rLV«f-h3E*r i a , ri " b (D^i2 0W 

2 1 &fflv>TI¥fflKttWi"*o 
[0 10 9] 12 O<0W<Otry^EWl±UiStr:yfE^J 

. ujs tr ^ «a« * «c ie> s * ^ ^ Jt «d tr y ^ tmm 

-rsiocO^^locoOJ^L, Ui<75?RdS2o-C*>So is 

5try^<z?«cS:^b"Cv>5o tfy^-w** $tcov>r, 
*tr^JfcSr3*.*tr3^tt:*r2, /MfyfMUt 
6fc, H20robryfE«a, b (BT, «®« ^©i: 
v>? 0 ) tt. BTI-*i- C*tr y ^EW] as>J:-5^** 

[0 110] 



222332222 
12233322 2 

[0 112] 



1222332222 
1122333222 



«M): 1 1 1 2 2 3 3/3 3 2 1 1 1 1 2 2 3 3 3 2 2 2 
: 1 1 2 2 2 3 3/3 22211222 3 3 2222 
[0 113] il©o*XAl»*«>EJ«fB» *©o«*^EW*»*rSR»fC, MOtrX*!: tr 



-15- 



(16) 

29 

10 114] LJ&»Lfta $ &. 12 2 HCTF-fXo^ ZZX 

w g a * uj at ^ ^ b n t? ft ^ « c s ie w a & *r - r 5 «t 

*s£E«Ji-ft5 - ^ SrIWCr. t #"C# 6 e 

[0 115] Z<D£ 9(at, r i \ ri ' b £#tf>fc 10 

V r ' a = ( r t a , r2 a s • • ■ r i ' 8 > 
ri + t b . ■ • • > rn-l b ) 
V r ' i> = (ri b , r 2 b . • • • r i ' b . 
r i + t a % . . . % rn-l 8 ) 

[0116] /jr*3, ±mmx\^xmm i i± 1 *-3rc*> 
aas, wWffi^aewr/w^y (*» &) 

[0 117] ro«t^^XI-J:o-Cil^2ia)t 0 7 
^EJd«r**U*:«. HIl 8^y/3 1 6T-i*. « 

D;^f^3 2 0"-eKT« 
J: ^J-^aeS^SSrtT^o 

[0118] d <7>gWf&2£»«\ m 2 2 jC^-f 
-^•^tcJzo-CtT^n-So 5tei\ ^f^3 5 6"Cl±a 

5o X7y73 5 8tC*3V^, *rC^KfJ-^Rr 

[0 1 1 9] Vr* = (ri . r2 , • • • ri * , r 
i + 1 , • • • , r n-i ) 

- <o J: o K tt, »rfc»-^ ^ ti/c 2 fflo fc° ^ ^EMI- 

[0 12 0] ^)Xf^3 2 6T'li, ±.m2m<VK°y 
fEMtft#t5. y/3 2 8m *Tnr~? 

3 2 6TM£#bfcfcV^E?')^ifr^ N«lC*Ufc*»5. 5i 



«MH¥l 1-2 0 4 1 1 

30 

j&vSrffl&rU N (til-it LTW^lv^tt. NflSICft5£ 
5/^3 0 8^^f<7./3 2 8 £**0igL*fTi" 

r^3 3 ox*hx*:^js^l, flxmurv^v^^ 
li, Nfi<0^^E?'J£*xy7 p 3 2 ex-tiMfc^nfct 0 
y^E?UKlE*rU ^fy^3 0 8H^f^3 3 0 
4r*0iEL*f?-r*o 3 OX'UX^Ufc 

^ ifij £ *ufc»& > Nfio^y ^ia^ij (7) * -e »]*$ 

L4* s B »BB*^«* s *'hi ft 5 tT s> ^E 
WH*4r**«-i:*KH-**0«[i: ^f^3 3 2 
5 0 

[0 12 1] ft*3, ^ry^3 3 0Wl|X^JSl^TW 

*l*co v v-fft^SrSSfc b^ ^Mx*: t ^fti- 0 

[0122] 1 ) tftS^MtlcStfc 

2) — #@WB8»'^«* s *#v^]o«cAS±«c<Oq%a 
ftv\ 

[01231HU M, q, pd^f^^A^tt 
*5<o 

[0 12 4] *«^(D*t6WJCOV>-CttWUfe. 
[0 12 5] HtffaiS*3ll^^^^^t 8 7^E^^ 

&7£ib. wiU^y^ (b) -eti. aJSBBftt-S^v^r 
ffi&MVlMMLmmfrb 2 o<7) tr s/ ^K^JS^T^SrS 

$ itTfr^cO tT y ^mn^"f^^f&t 5 w ^ ^ 
tf'>ft< ^ fc-^tryfEJllW^f^RII-M^ 
— ^^r^JE £-£-crr«<o tf y^EM^T*/^*:**^ 5 ^ 

tT y fE«*^*r»ff U/j^oi*:# Lfc tT ^ fEW*? 
/u*S3f 36* IJ1 ft S * "CH 9 i» L ; ^# UfcBff tf y 

^BM*^*»e>fts*»*H* s W3e^iR**ft**^ 

tA^tWK^* «JR*fl=*r«lfcSftv^#lcr±tt«f 



-16- 
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[0126] mKmmEMi** 

^ (b) -cn^^&mxtmmc^ti^^y^ 

mlia^T 1 ^^ (c) -ettBWBB»<oft 

[0 12 7] ±K<7>MH^teJ:*Ui* JM*«K, BufS 
-A^yrT (a) XI*. «*«0>tr:y^E*J*»&*aiW* 

y ^ (b) "Ctt, »CB»«c*<5v^X1»Ba«W«MIIH 
7i^2oc7)fc: 0 ^^ga^J^il4RL. ffi7£<Dm&"?&t<y?- 

EW^Rtus**-** zitxmm.<D tr ^^la^j^^-r 

5 r fc t>— ^ofcT-y^EM^KtHER^- 

5:t^M<H-Mm\ RtWIfcSraEfli*-** 

W4:»# l *>o«# ufc tr v rmnimtsmztt s * 

HOiSU «#LfcBf3e*^try^E3»«»feft5«fa« 

fcBfffe»a> tr y ^■EM«>**»"CW*!l*fl s * a Mt L ^ 

[0 12 8] :^f^ (b) -eti. RtMHSfcaEfls 
$ fc° y fE?JI-^v Rtt***>*ffiKf 
-f £ B WB8*o£{b*<&#l^?fc* § Wfflft^g&a 

bBWBi»o*jafi**^sRtf*»^^**^a'i"^ 
Rinj**r*sii*-«ar5*»ks-frfet 

#oBWB8K<o«Rt/Rff**«:^W»-*Bai"S** 

RS- ^$k&$zit S*ft*»o 7t e° -y ^IE?'I ^{fc^ L *>o« 

[0 12 9] ±|Sc7)^x^^ (b) -Ctt, RtWJfcW* 
tt*{b*«-*rt"5 B «BB»<08!f bftco#]^T'fc 6 B ft Hi 
m^ffiSt/Rft^^»ffi^^S^^i-^M^^^ 



17) M¥l 1-2 0 4 1 1 

Rtt«ft*^»»-»3"*"3* 
^<b £ £ * b WBIK^ttat/RW-KJftSr^SI**- 

fflai-6*^b*^^#w*J»*{*^«frS[*b. ^ 

SJtiE fc SC^fiS fc t-g<5i >x , WW***:** LttJft* B 
WBB*«>*aM[*:**-SRtrtE*«>«*r**S - 1 * 5 "?- 

[0 1 3 0] RtHEW** tr^^E^JS:*i-B8» 

itfi^WS. RtffcKfcLTtr^EM*:** 
H*«r3£«>fcfc.#^^ (b) -CRW-^ScS:* 

/o ffc * -fcfc 4: S t 0 -y *-«#BrJ£«B S J: 5 Kfflffl* 

{^^^^t^x^^ (b) fcSHTi-srt^j: mm 

j: 5 fcJHictry^j&safc^&tL* fc#fc#»ffcfc**ixS . 
tr -/ ^<D&fr"f> 6tbfc*0WEW»w, 
( a ) -ctt*>f t° >y b»&i-SB#^^ ^ 

(b) i?tt»*ai«ffilB-t?KI»ffi^* 
20 *LStfy^*fr*flsS** ^^^^ (c) T?ttB«H 

-C, «*oWfflE^JJ-»J£Ufe*»^^^^BM«r* 
*^bn^«SScoif y^BWI^bBWBBiK^*** 
t ft 5 t: 0 -/ ^E?«J Sr»«i- ^C^^-Cf 5o 
[01321 hU^KicM^^t'^^f^ S 

HiJtt^^i-S^d^BWt-^x.^fi^^ -*tB 
^X^^ (a) -CIS, ^^^co#t: 0 y^^e^^-r^>iI 

[0 13 3] Vt<n*TyZf (b) -Cte, SttS.BJffitWe 
!^Pf&(c^^n5t: 0 y^coSc$r^{b$-ti:^)o «»Jx.«. » 

tr y ^o»*«'> * 6 z. t ct o x tr y 7-<n$k%: 
^M"T5o ra5»^, \?y3-&ni*lz.<£iztiZ>fyW 

[0 13 4] ^LT, ^^y^ (c) -Ctt, -BWB8»^ 

-^ooiS^^/u^ co^-^yu^ JSi" 6 - <h <t 9 tr y ^ 

E^J«:*«>5o 
[0 13 5] Cco^^^y^, tfyfO***i s a« 

m^mt-rz x ? tr >y ^tm^h tts ^ 

ffi«c^*ix6try^<D*^*3e*b*tfetO»IEWI« 
tc, «ittf**^l»ffi^**H5try^R*SRS*^ 

/j^o/Jn tr y ^ ^ ib tr y r -£tc tt* tr y e> /J-t° * ^ 

tc^:ft$^pg^tc^>fb-r^ i: 5 try ^-4:*^ 

* ^ ^co tr y ^mm<Dtm%mmzm *> 3s-r 0 w n*c x 

50 ot, ^O^^Sa^ic^Lfc1Smot 0 y^E^J^^ 
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(18) 



ftmW- 1 1-2 04 1 1 
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»a>*B<£asftas t ft a tr 5/ ^ia^J srssw-r 6 1 4 

o T ttft £> £ *il ft tr y ^E?J X * ^ 

[0 13 6] 

[0 13 7] **W<0«fc3t*ftfc*<5v^-C«:3eSn*:tr 
i*flB*:ft«K '*UV^»*fls*:«*T?*', Mt^5 3 

v tr * - * -e *> 5 o 

«»»tt£^U (1) !4;feS<z>ififlStM, (2) 14* 

[B5] m^Wy «M**ffc-rafc«><D'</W*M 

[Be] h^y-^-f fcBWBBRi: L*:^#<o«aiib«:K 

[0 7] ^>f^llHlK<Olfy^iE^J(^j£SttfclE:»^ 

[IU8] l J*o»«o«i^-f vfc^t 

SE*iia-e*>5o 



34 



20 



50 



— ^ ^ Stixiat? & 5 o 

[HI 0] H8(7)*7 1 :y7 P l .1 0<OVv t f-l£<OMd&{kJl' 
— ^ > Sr^i-Slcixia-C*) 5 o 

[ill] ^^»jRfc*llC«[4:W»«IH«** 
-r*Ma-C*>fl. (1) l4*»£4*tiJ£fM^ (2) 14 

ht!)f^, (3) f4:7^^ : ^^->'3 ^ " * h u ^ 

[Ull 2] ^BEU-^/U-Cft^bU^tf ^lE^J&tffg 1 
7^, (2) ^j:77^f^^-^3^^^ l/y ^ (7) 

[mi 3] *&m<om2mifo<Dj&t&<o&M^—^^&^ 

[111 4] mi 3C0^^^^2 0 8<D\?y 1 ?W£&\(D&T& 

[mi 5] uj^t: o ^^@a^j^^-r-r ^-^mr^^o 
[mi 6] \umt°v^nm*mmit^z&m*wiW'rz> 

[mi 7] \um\+y^&&i&&mikir 

[mi 8] &mw<Dm3^M<DmWt<omm^—^>&7f* 

[mi 9] ^XAQjSvu— ^^^r^"t"S£^H^*>^o 

4* — ^H-CfcO, (a) f4.t p y^iBWa Sr^L. 
(b) tt^y^iBWa, b*«fcbSSX«<7)tfy^E^J . 
(c) i4t°^fa?iJb£:^U (d) ttfcTy?- 

[HI 2 1] 12 0 ^^ft^OJM^^^ia^JtCO^T. x 

[i22] g^^^^S/i'— ^>-£^^?^l^&5o 

1 0 K 
1 2 ^>h: 0 ^ — 
14 CRT 



IH12] 



^24 ^26 
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